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SUMMARY

A means of using tho strong absorption by alkylnaphthalenes in
the range from approximately 2500 to 2700 A to check estimatoes of
the concentrations based on spectrophotometric moasuremonts at about
3150 A has becn devised and applied to 10 experimental Jet-pronulsion
fuols that are potroleum cuts boiling in the rango from 100° %o
700° F (approximatoly 40° to 400° C). Tho 10 fuels investigatod are
one Yates, three Hastings, two Tomball, two Bradford, and two Midway
crudo cuts. This check procedurc involved cmpirically deotermining
tho average charactoristlic extinction at 2650 A most suitable Ffor
alkylnaphthalenos in these fusls and eostimating the amount of other
aramatics, which were largely monocyclic. Sums of amounts of alkyl-
naphthalenes and of other aromatice constituted spoctrophotometric
ostimates for total aromatics. Differonces betwoen those estimatos
and values for total aromatice in the same samples obtained at the
Petroleum Experiment Station, Bureau of Mines, Bartlesville, Oklahoma,
by a silica-gel adsorption method were recognized to be due to several
causes Including interfering absorption, erroneocus estimates of the
emounts of other aromatics, and emall inaccuracies of the Bartlesville
data. Nevertheless these differences were tentatively attributed
entirely to errors in spectrophotometric estimates of alkylnaphthalenss
in order to establish an upper value for the order of magnitude of
these errors, which was computed to be about 0.2 percent of total
sample., In this manner the spectrophotometric method for estimation
of alkylnaphthalenes was shown %0 be more accurate than was Fformeurly
expected and some additional information concerning the composition
of the fuels was obtalned. The poseibility of undetectable inter-
ference, however, prevents proposal of ultraviolet estimation of total
aromatice as an independent method except in particular cases.
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INTRODUCTICN

The combustion efficlencies of 10 experimental Jjet-propulsion
fuels that are approximately 200° F cuts of five selected crudes
available in large quantities are being determined in a turbojet
.ongine combustor- at altitude oconditions at the NAGA Cleveland labo-
ratory. These fuels are as follews:

Crude Approximate
bolling
range

(°r)

Yates 160340
Hastings 120-310
Haegtings 280400
Hastings 410-850

Tomball 210-340
Tomball 400~590
Bradford 90380
Bradford 340-5490
Midway 110~390
Midway 370-630

These determinations are part of a program investigating the
effects of fuel composltion on performance in Jet combuators at sea
level and at altitude. (See reference 1.) Extensive dats on the
physical characteristice and the chemlical composltion of these
10 experimental fuels In terms of hydrocarbon types were obtained
from the Petroleum Experiment Station, Bureau of Mines, Bartlesville,
Oklahoma. The values for total aromatics included in these datas have
been assumed to be correct because they were obtalned by a sllica-
gel adsorption method (reference 2), which 1s one of the most
reliable methods currently availsble. Y '

Alkylnaphthalenic aromstics are characterized by absorption in
the range from approximately 2500 to 2700 A, which 1s much more
intenge than elther the absorption near 3150 A or the absorption by
monocyclic aromatics at 2650 A. Hence, the method described for
estimating total aromatics, which 1e based on average characteristic
absorption by thess two types of aromatic at 2650 A, 18 very sensi-
tive to variations in the value for the alkylnaphthalenic content.
The purpose of thig investigation ls to take advantege of this
megnification of errors in alkylnaphthalenic estimates to Iinveati-
gate the accuracy of the spectrophotometric method of estimation ef
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alkylnsphthalenic hydrocarbons proposed in reference 3. The investi-
sabtion consisted in determining differences between spectrophotometric
estimates and the previously mentionsd accepted values for total
aromatics in the 10 experimental fuels and then computing the ordoxr
of megnitude of errors in alkylnaphthalenic estimates that would have
caused these differonces. The absocrption at seslected wavelengths in
the ultraviolet spectra of the fuels and of several aromatics that
have boiling points ranging from 150° to 350° C was measured at the
Cleveland lsboratory and average characterlistic extinctions at 2650 A
most suitable for application to these fuels were evaluated empiri-
cally using the spectra of refercnce 4 and other unpublished data.
Information concerning the alkylnaphthalenic end total aromatic
content of the fuels was a byproduct of the investigation,

PRINCIPIES OF SPECTROFHOTOMETRIC ANALYSIS AND

DESCRIPTION OF METEOD
Method for Alkylnaphthalenes

The ultraviolet spectrophotonetric method for estimation of
alkylnaphthalenic type hydrocarbons in kerosenss described in ref-
ercnce 3 proposed an average value of about 8 for EgDgy, +the product
of extinction measured at a pealr of absorptlon between 3100 and
3300 A and dilution factor (definsd as volume of sclutlon divided
by volume of soluto). The numbor 8 is the characteristic value of
EDp for a 1 percont by volume solutlion in iscoctene of typical
alkylnaphthalenss in an sbsorption cell 0.5 centimeter thick (for
100-percent alkylnaphthaleones the value of Ey Dy was 800 in rof-
erence 3). Division of the product of extinction and dilution
factor by 8 for the higher pesk between 3100 and 3300 A of a petro-
leum cut diseclved in iscoctano and measurod in a 0.5-centimeter
cell is essentlally the method of referonce 3 for cstimating percent
by volume of alkylnaphthalenic hydrocarbons Cy. Paraffins, naph-
thones, olefins, slkylbonzenes, and noncondensed dicyclic compounds
would not interfere with this estimaste but subtraction of the
extinction of the diluted petroleum cut measured at 3400 A before
further calculations was recomnended se a correctlon for possible
interference by condensed tricyclic and other poseible interfering
compounde that have absorption throughout the range from 3100
to 3400 A,
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Method for Total Aromatics

Nearly all sramatice are characterized by absorption in the
vicinity of 2650 A and average absorption by alkylnaphthelenic
compounda is from 10 to 20 times as intense as the average absorp-
tion by alkyltenzenes and noncondensed nonconjugated dicyclics at
this wavelength. An ultraviolet-spectrophotometric method for
eatimating the total aromatic content of cuts of criude oil may there-
fore be established according to the principles of reference 4 on the
bagig of suitable average characteristic extinctiona of the aromatics
expected to be present. The cuts are assumed to be mixtures of the
two ultraviolet-absorbing components, alkylnaphthalenes and other
aromatics, which are largely monocyclic, dissclved in ultraviolet-
transparent paraffins, raphthenes, and olefins. Absorption at
2650 A is the sum of the sbsorption by both component types. This
sum may be represented mathematically by the cquation

ED = Cy ky + Cp Ky
where

Cx concentration of alkylnaphthalenic aromatica, percentage by
volume

CA concintration of monocyclic and other arcmatica, percentage by
volume

D dilution fector, which 1s the ratio of volume of solution %o
volume of solute

ky average specific extinction of alkylnaphthalenes at 2650 A

k2 average specific extinction of monocycllic and other aromatics
at 2650 A

B extinctlon of properly diluted sample of cubt measurcd at a
selected wavelength (2650 A in this case)

The gpecific extinctions must be estimated as will be exnlained
in the following section from absorpiion data at 2650 A for compounds
assumed to be typical of each of the two types of componenta that have
characteristic absorption at that wavelength. The wavelength 2650 A
was chosen to favor absorption by various alkyl substituted benzoenes
as much as possible relatlive to absorption by alkylnaphthalenes and
other types of dicyclic aromatic., Probably any particular wavelength
between 2650 and 2690 A would serve the purpose as well.
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Evaluation of Average Specific Extinctions

The data used for the evaluation of an average epecific extinc-
tion kj are given in figure 1. The line drawn for k; in fig-

ure 1 is the one of three tried for the gpectrophotametric data on
the 10 fuels, which gave regults for total aromatics in best agres-
ment with the accepted Bartlesville data. The points plotted in
this figure indicate that the apecific extinction is lower for the
higher-boiling alkylnaphthalene compounds. In order to assign
definite velues to kj;, some characteristic distillation tempera-

ture in the upper boiling range of a cut must be selected. The
line in figure 1 is drawn to represent average characteristic
values of k3 as a function of the A.S,T.M. end point of a cub
because thls temperature 1s most often avallable. The location
of this line 1is somewhat arbitrary and reflects some conditions
characteristic of the experimental fuels investigated.

Several variable factors affect the location of the line in
figure 1. The efficiency of the still used to obtain the cuta to
be analyzed, the variation of concentration of condensed dicyclics
present as a function of their bolling noints, and the width of
cut anslyzed all have relatively significant effects on the probable
value of k; in any particular case. G@General predictions of the

probable values of kj; to be applied in the case of particular
refinery cuts may vary considerably and would probably lie within
a band of values varylng as much as 10 units from the line given.

The ultraviolet spectra of Midway fuel 3A (end point
390° F =~ 200° C) and Hastings 5B (end point 4000 F =~ 204° C) showed
woll-resolved peaks at 3111 and 3192 A, respectively, characteristic
of naphthalene and monosubstituted naphthalenes. (See reference 3.)
The magnitude of these peaks indicated that the concentrations of
these two types of condonsed dicyclics were approximately equal;
therefore the still used to obtain the cuts was not very efficiont
otherwise such quentities of monosubstituted naphthalenes would
not distill at approximately 30° to 50° C below their bolling points.

This spectrophotometric evidence was interpreted as Justifying
the values of kj; (between the empirical. points 189 (naphthalcne)
and 150 (methylnaphthalenss)) that are indlcated by the line in
figure 1 for end points in the range from 200° to 250° C. If a
very efficient still were used, a line for k1 drawn through
189 at 200° C and through 125 at 350° ¢ would probably represent
average conditions bettsr,
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The position of the k3 1line in the range from 240° to 350° ¢
ig also dependent upon the width of the cut to be analyzed as this
width affects the ratio af lower-boiling to higher-bolling dicyclics
in the cut. The cuts investigated were more than 100° C wide and
this fact together with the low efflclency of the sti1ll probably
resulted in the inclusion of all dicyclics that had boiling points
below the end points of the cuts. For thls reason the ki 1line 1s
drawn conelderably above the values measured on technlcal-grade
compounds for end points above 240° 0. TFor narrower cuts the ky
line should be lower for the higher end points ze was suggested in
the previocus paragraph for the case of s very efficlent still.

Values of kp for several monocyclic aromatics given in fig-
ure 2 do not vary in a regular mannsr with boiling points of the
compounds. Actuaslly, the structure of the molecules 1is known to be
the factor that affects both ky; and kp. In spectra of the homolo-
gous serlies of monocycllic aromatlca substltutlons in the para
posltions yleld large values for ks but substitutions in other
positions yield smaller wvelues. Although the coxrect value of kp
ig different for each cut and depends on the concentrations of
respective monocyclic aromaticse present, an average of the values
in figure 2 (8.0) has been computed and arbitrarily applied. Agree-
ment of estimates of tatal aromatics in 10 cuts based on this arbi-
traxry average with valuea for total aromatics in the same cuts
obtained by sn accepted method has been used as a criterion for
Judging the reliability of this procedure.

RESULTS

Scme data characterizing the 10 experimental Jet-propuleion
fuels, which boil in the range from 100° to 700° F, together with
determinations of the alkylnaphthalens end total aromatic content
by the spectrophotometric methods described hereln are presented as
percentage by volume of total sample in table I for comparison with
gimilar Bartleaville data. Total aromatliclty was determined at the
Bureau of Mines Bartlesville laboratory by a silica-gel adsorption
technique and alkylnaphthalene content was evaluated on the basls
of the refractivity intercept of the aromatic extract. These methods
have been described in a comumnication from the Bartlesville labora-
tory. The percentages of other arometics, which consist largely of
monoccyclic. plus some nomcondensed dicyclic aromatics, 1f they are
present, may be obtained from the date of either lahoratory by sub-
tracting the percentage of alkylnaphthalenes from the percentage of
total aromatics.
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DISCUSSION OF RESULTS

Because the analyticel data presented in table I were cbtained
by two independent methods, they afford a basis for consideration of
rellability, particularly for the spectrophotometric estimates of
alkylnaphthalenic content.

Alkylnaphthelene Content of Fuels

The agreement of values for alkylnaphthalenlc percentages is
probably within the experimental errors of the methods in all cases
but one. The maximum error poasslible in the epectrometric method
was admitted to be large In reference 3 but usually dependent upon
the smount of alkylnaphthalenes present. Consequently, the absolute
magnitude of the error decreases as the concentratlon of alkyl-
naphthalenes becomes smaller and the method is especially suitable
Tor relatively low concentrations. Evidence that lndicates better
reliabllity of the aspectrometric method than was expected 1s presented
in this discussion.

The refractivity lntercept method proposed and applled at the
Petroleum Experiment Station, Bartlesville, determines alkylneph-
thalenlc percentage in the aromatic extract of & cut from O to
100 percent in proportion.as the refractivity intercept of the
extract increases from 1.061 to 1.099 or 0.038. The formula for this
percentage is : .

Rp ~ 1.061

Vy = 100 T 555 —ToeT

where Vy is the percentage of alkylnesphthalenes in the aromatic
fraction end Ry 1is the refractivity intercept of the aromatic
fraction. An analysis for low concentrations of dicyclics is
dependent on the monocyclic sromatics present in the following ways
If all the monocyclic aromatics have positive average deviation,
which according to information from the Bartlesville Petroleum
Experiment Station, 1a +0.0034 from the mean refrectivity intercept
1.061, 9 percent of the aromatic fraction or 2.3 percent of a fuel
that conteined 25 percent total aromatics would be reported as
alkylpnaphthalenes although none was present. Conversely, if all
the monocyclic aromatice had a negative average deviation of the
seme magnltude, the presence of as much as 9 percent alkylhaphtha-
lenes in the aromatic extract or about 2.3 percent in a cut con-
telning 25 percent aromaticas would not be detected and would be
reported as zero. This method therefore appears to be rather
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unreliable for tho determination of low alkylnaphthalenlc concen-
trations in a cut because tho result is dependont to some oxtent on
the monocyclic aromatice present. The average deviatlon of 0.0064
for alkylnaphthalenes from thoir mean refractivity intorcopt 1.099

1s also a source of error but the error becomes serious only in
unusual ocases of high concentrations of aslkylnaphthalenes. The fore-
going considorations together with a probable error formerly belioved
to be about 15 percent of tho amount prosent in the spectrometric
determinations are adeguatc to account for all differonces in the
values for alkylnaphthalencs except in the case of tho high-boiling
(370° to 630° F) cut of the Midway erude (NACA fuel number 45-623).
The spectrophotometric proecedure has been ropestod and checked for
thie sample and the data at two wavolengths together with the NACA
value for alkylnaphthalenos give an estimate for total aromatice that
is corroot according to tho maln assumption in this roport; hoence,
this differonce has not boon explained and is being inveetigatod
further.,

Total Aromatic Content of PFusls

In the presont discussion-the percentages of total aromstics
obtained at the Potroleum Experiment Statlon, Bartlesville, by silica-
8ol extraction arc _asaumod to be corroect, that is, the small inaccu-
racles, which doubtloss oxist, are neglected. Tho absorption by
alkylnaphthalenic aromstics at 2650 A, wherc monocyclic aromatics have
chargcteristic absorption, is about 18 times as intonsc as the mono-
cyclic arcmatic absorption. This fact means that a chango of 1 percant
in the concentration of alkylnaphthalencs causcs a change of approxi-
mately 18 percent in tho spectrophotometric ecstimation of total
aramatics. For thls reason agrooment of apectrophotometric ostimatcs
of total aromatics with values obtained by an accepted moethod consti-
tutes a sensiltive test of the accuracy of the ocstimate of alkylnaphtha-
lenss, For 8 of the 10 cuts tho spectrophotametric estimato of total
aromatic contont deviated from the values determined by silica-gol
extraction by an avorage of 0.8 percent, the largest being 1.9 percent.
The close agroement of these valuos 1s ovidenco that the spectrophoto-
metric methode of analysis used are applicable to the cuts of Bradford,
Midway, Yates, and Hastings crudes with an average orror of less than
0.05 percent in the determination of the aslkylnaphthalencs and loss
than 1 porcent in the estimation of total aromatic content. Noithor
errors groateor in value than theso nor the presence of as much as
about 0.5 percent of noncondensed dicyclica would have permitted theo
egreement found in the case of tho eight cuts. The average error in
the estimates of alkylnapbthalencs determined in the same manner and
averagod for all 10 casos was losgé than 0.2 percent,
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Possible explanations of the difference of 5.7 percent for total
eromatica in the gasoline fraction and of 14.5 percent in the kerosene
fraction of the Tomball crude, which has the hlghest aromatic content
of a1l the crudes, will be given subsequsnt to the following consid-
eration of spectrophotomeitric interference.

Problem of Spectrometric Interference

A preliminary conslderation of possible effects of absorption
by certain compounds, the presence of which in apprecisble concen-
trations is doubtful, has been given for the alkylnaphthalene region
of 3100 to 3300 A (reference 3, pp. 4 to 5). In addition, the same
problem for the 2600 to 2700 A region must bs considered here. Some
approximate specific extinctions at 2650 A that may be compared with
the value of kz (8.0) characieristic of alkylbenzenes are listed
in the following tabls:

Number Aromatic compound Bolling Specific Volume
pcint extinction (percent)
(°c) kK
1 Tetralin 207 31 2.9
2 Biphenyl 255 210 25.0
3 Diphenylmethane 262 13 0.6
4 1,1-Diphenylethane 272 i2 .5
5 Bibenzyl ‘ 284 8 0]
6 Anthracene 342 360 45.0
7 m~-Diphenylbenzene 363 360 45.0

These values are the results of measvrements on samples belleved to
be 95 or more percent pure. By analogy with homologous series of
alkylbenzenes and alkylnaphthalenea, the alkyl homolcgs of the above
types of aromatic may be expected to have specific extinctions of

the same order of magnitude within a factor of two. On the assump-
tion that if they are present the seven compounds In the tabulation
should be included in a value for total aromatics, the presence of
any one to the extent of 1 percent of a fuel would cause the spzchtro-
photometric estimate of total aromatice to be high by approximately
the percentage in the tabulation.

With the exception of tetralin, the presence of any of the
previously listed compounds in kerosenes or Diesel olls has not
been reported by any sources known to the authors but this fact .
may be due as much to the lack of analytical methods suitable for
detecting low concentrations of these compounds ae it is to the
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complete absence of these compounds in natural crudes. In the case
of 8 of the 10 fuels the close agreement of spectrophotometric
egtimates of total aromatics with values assumed to be correct makes
the presencs in the fuels of as much as 1 percent of tetralin or
.1 percent of compounds 2, 8, or 7 improbabls because the presence
of these amounts would have caused the spectrophotometric estimates
of total aromatics to be high by approximately 3 percent. By the
same reascning the spectrophotometric egtimates of total arcmatics
in the cuts of the Tomball crude, which were high by 5.7 and 14.5
percent, could be attributed to the presence of two and three times,
respectively, the aforementioned amount of any one of the compounda
or to a guitable combination of these compounds in smalier amounts.
This explanation for the high values for total aromatics in both
cuts of the Tomball crude is probably preferable to the poasibility
that the high valuas are due to estimates of alkylnaphthalenes low
by about 0.3 ani 0.8 percent in cuts 1A and 1B, respectively.

SUMMARY OF RESULTS

From ultravislet spectrophotometric measurements on typical
alkylnaphthalenic compounds and on the 10 experimental Jjet-
propuision fuels used for this investigation, the following results
are obtained:

The characteristic ultraviolet absorption by alkylnapthalenes
is such that in the application of spectrophotometric methods of
eatimation a change of 1 percent in the amount of these compounds
cansed & change of approximately 18 vercent in the estimated
total aromatlc content.

The fact that if all differences between values for total
aromatics determined by two methods were attributed to errors in
the apectrophotometrio estimation of alkylnaphthalencs, the average
of these errors wae less than 0.2 psrcent, or far eight cuts not
including the Tomball crude ths average was 0.05 percent, was
evidence of unexpected relliabllity of the epectrophotometric method
when applied to these crudes. However, a differcnca between spectro=-
photonstric and refractivity intercept values for alkylnaphthzlenes
in the high~bolllngz cut of the Midwey crude has not been explained.

Spectrophotomotric methods in conjunction with an accepted
method evaluating total aromatic content of & keropene-lixe
fraction show promise of Indicating the presence of moro than
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about 0.2 percent of noncondensed conjugated dlicycllic aromatics of
the diphenyl type. The possibility of undetectable interference,
however, prevents proposal of ultraviolet estimation of total aro-
matics as an independent method except in particular cases.

Alrcraft Engine Research Laboratory,
National Advieory Committee for Aeronautics,
Cleveland, Ohio.
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TABLE I -~ PERCENTAGE BY VOIUIE OF AROMATICS IN 10 JETP-PROPULSION FUELS

TEAT ARE CUDS FROM FIVE CRUDES

Buresu of Mines | TATESI HASTINGS TCMBALL BRATIFORD MITWAY
Crude 4 | sa t s lsc | wa | B en| e | 3 om
WACA fuel k&s-sm 45668 |45-663|45-670 | 45-657|45-659 |45-627| 45-626 |45-622 : 45-623
Apﬁﬁﬁt:wge ' 180 {120 | 280 |410 1210 {400 ! 90 | 30 | 110 ! 370
0
AS.TM. (0B | 40 1 310 | 400 | 650 | 54 590 | 380 | 540 | 390 | 630
| NACA alicyl- : i l

naphthelenes 0.16 | 0.012| 0.6 | 0.7 j 0.02| 12.6 { 0,01 { 1,11} 0.20 | 10.0
Bureau of Minocne ' ' :

alkylnaphtha-

lenes (percent)| O 0 1.9 23] 0 11,5 0 0 0.20
NACA total i o §

arcmatics 53 | 4,1 |17.2 [23.2 ! 37,0 | 46,7 | 8.1 | 13.1 | 9.6 | 34,3
Bureaa of Mines ’

total aromatics

(percent) 5.9 |53 |168 [ 251 13,3 | 32,2 7.5 | 12.4 9.7 | 33,2
Difference -0.6 {-1.2 0.4 | -1.9 | 5.7 | 14.5 [ 0.6 : q.7 0.1 1.1 |
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